In mice, Doublesex and mab-3 related transcription factor 1 (Dmrt1) is expressed in mitotic germ cells. This gene regulates somatic cell fate in the gonad and has been previously shown to suppress tumors that can form in susceptible mouse strains due to mitotic arrest. Under normal conditions, Dmrt1 can also instigate the reactivation of mitosis and migration of prospermatogonia to the stem cell niche, essential activities for spermatogenic survival. Lastly, DMRT1 controls the switch between mitosis and meiosis in differentiating mouse spermatogonia; in NGN3-positive progenitor cells, DMRT1 promotes spermatogonial proliferation and differentiation while restraining meiosis.
Unanswered questions behind the regulation of undifferentiated spermatogonial cell types to maintain homeostasis and establish steady-state spermatogenesis prompted research by Zhang et al. that unveiled new findings about DMRT1's role in undifferentiated spermatogonia [1] . Researchers used in vivo lineage tracing and apoptosis assays to rule out the possibility of Dmrt1 mutant spermatogonial stem-cell (SSC) death explaining the loss of SSCs. Instead, they observed depletion of promyelocytic leukaemia zinc-finger protein (PLZF) followed by differentiation. PLZF is a transcriptional repressor that regulates the cell cycle and has been tied to SSC selfrenewal in previous studies. As a result of this loss, SSC selfrenewal degrades, derailing spermatogenesis over time.
Next, investigators reviewed the effect of busulfan on germ cell depletion. NGN3-positive cells previously have been shown to restore SSC function after depletion or damage occurs, but the method of restoration was unknown. Zhang et al. used lineage tracing to confirm that NGN3-positive cells transition into Id4-GFP-positive cells, which restore SSC selfrenewal. However, due to the complex nature of SSC reestablishment, the connection between NGN3-positive cells and Id4-GFP-positive cells is only one piece of this puzzle.
DMRT1 is a critical part of this relationship: investigators found that loss of Dmrt1 in NGN3-positive germ cells resulted in complete failure to restore SSC function after busulfan treatment. SSCs could not be formed by the stressed NGN3-positive cells. Zhang et al. propose two possible explanations: either differentiation is too rapid to allow for SSC formation, or SSCs form, but they cannot be maintained. Further studies are needed to clarify the exact mechanistic events underpinning this scenario.
This study contributes to the growing body of knowledge on the many functions DMRT1 performs in spermatogenesis, and specifically on its dual roles of maintaining SSC homeostasis by promoting regulation in healthy conditions and by activating NGN3-positive cells to replenish the SSC pool in cytotoxic conditions. These findings suggest that DMRT1 functions in a context-dependent manner by coordinating with the surrounding factors. By continuing this line of research and revealing the interconnecting players, more can be understood regarding the intricate process of sperm production, and possible sources of male infertility can be pinpointed.
